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ABSTRACT 

The bioavailabil ity of f i ve  different commercial brands of 

ampici l l in was examined. The absorption of each dosage form was 

compared in a crossover study of twelve healthy volunteers (6 males 

and 6 females). Urinary excretion rates were also employed t o  

evaluate the absorption process. Stat ist ical  analysis o f  the resul ts 

was carried out t o  evaluate the significance o f  differences between 

dosage forms and subjects. The s tat is t ica l  analysis indicated no 

significant differences between di f ferent tested brands o f  ampicil l in, 

whi le the differences between subjects were significant. Comparison 

between the two di f ferent genders indicated no significant 

differences between the male and female subjects. 

I MRODUCT I ON 

It i s  we l l  known that a l l  commercially available products do not 

demonstrate equivalent bioavailability. Therefore, the evaluation o f  

the bioavailabil ity o f  various sol id dosage forms i s  necessary. The 
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1796 HASSANZADEH 

assessment of bioavailabil ity o f  various solid dosage forms i s  

especially valuable i n  countries where the pharmaceutical industry i s  

less established and in  countries which only have generic products. 

Ampici l l in i s  a very potent antibiotic and i s  used widely in  

serious infections w i t h  minimal tox ic i ty  and side effects. It has also 

been shown that ampici l l in dosage forms exhibit differences in  

bioavailabil ity (1,2). These differences, along with other conf l ic t ing 

reports (3,4,5), concerning the bioavailabil ity o f  ampici l l in f rom 

dosage forms made by di f ferent manufacturers, are the main reasons 

fo r  selection o f  th is  drug in the present study. 

A f t e r  administration of ampicillin, more than 90% of the 

absorbed drug i s  excreted i n  the urine (6). Therefore, the to ta l  urinary 

recovery of the drug i s  an indication of the extent o f  ampici l l in 

absorption. Bioavailabil ity studies of  ampici l l in can be based on urine 

data (6-141 as wel l  as the blood data (15,161. As the urinary 

excretion method i s  easier fo r  the subjects, the comparative 

bioavailabil ity of f ive brands of ampici l l in capsules and tablets were 

assessed i n  a crossover study using twelve subjects. 

MATERIALS and METHODS 

Analytical grade copper sulfate, c i t r i c  acid, disodium hydrogen 

phosphate, and trichloroacetic acid were used. The fol lowing 

di f ferent brands (A,B,C,D,E) o f  ampici l l in capsules and tablets were 

selected: 

Brand A, locally made using pure trihydrate ampici l l in (98.2132 on 

bases o f  Ampici l l in Trihydrate) was used as the standard; brands C, D, 
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DOSAGE FORMS OF AMPICILLIN 1797 

E and 6 (the only tablet form used) were manufactured by different 

local pharmaceutical companies.1 

Tweleve healthy normal adult volunteers composed of; six males 

and six females were chosen. Their age ranged from 23-33 years 

(average 29.2 years) and weights between 52-65 kg (averages 60.6 

kg). A l l  subjects were examined by a hospital physician prior t o  the 

study. Also, each subject had no concurrent drug treatment f o r  

several days before and during the study. 

Following an overnight fast, a single 500 mg capsule (or tablet) 

o r  two 250 mg capsules were administered wi th  250 ml of water. 

Following administration, no food o r  liquid were permitted for four 

hours except for 200 ml of water every hour. Urine samples were 

collected quantitatively at 1, 2, 3, 4, 6, 8 and 12 hours after drug 

administration. control samples were collected for 1 hour prior t o  

drug administration. 

The urine samples were kept at 4T until analyzed the next day. 

Ampicillin concentrations i n  collected urine samples were 

measured according t o  the method proposed by Angelucci and Baldieri 

(17). The method was reproducible and sensitive for the urine 

samples. A f i v e  point calibration curve was used throughout the 

analysis. Urine samples were diluted where needed. 

1 8: teblata made by Pars Dero Pherrneceuticel Co. 
C: capsules made by Dam-Pakheh Phermeceuticel Go. 
0: capsule8 made by Cawsar Phwmeceuticel Co. 
E cepsules mede by Towlid-Daro Pherrneceuticel Co. 
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1798 HASSANZADEH 

RESULTS 

Due t o  f i r s t  order elimination kinetics, there i s  a relationship 

between blood level o f  ampicillin and i t s  r a t e  of urinary excretion 

(18). Therefore, urine data can be used t o  evaluate some of the 

pharmacokineti c parameters of ampi c i  11 in. 

Cumulative Amount of  Drug Excreted 

To insure complete renal excretion of  ampicillin, urine samples 

were collected f o r  1.2 hours after drug administration. Because of 

rapid absorption and elimination of ampicillin i n  normal healthy adult 

volunteer, the urine samples collected over this period i s  sufficient 

( 1  5). 
Cumulative urinary excretion data for drugs which are 

eliminated i n  the unchanged form through the kidneys i s  a valuable 

parameter describing their bioavailability (19). To ensure complete 

clearance of the drug the urine was collected for 12 hours. Since the 

concentration of ampicillin i n  the urine sample collected a t  12 hours 

showed negligible value, therefore the cumulative amount excreted 

after 8 hours would be a proper indication of the extent of ampicillin 

absorption. The cumulative amount of ampicillin excreted over  a 

period of 8 hours after administration of various brands are shown i n  

Fig. 1. Pharmscokine?ic parameters for brands and for subjects are 
shown in tsbles 1 and 2 respectively. Tsble 1 indicates that !he 

average amount of ampicillin excreted 8 hours after administration of 

a l l  different dosage forms i s  176.5 mg (range from 153.3 t o  189.6). 

In Table 2 the average amount of drug excreted over the same 

period of time after administration t o  twelve subjects can be 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

8/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



DOSAGE FORMS OF AMPICILLIN 1799 

0 5 10 

Time (hr) 

15 

FIGURE 1 

Average cumulative ampici l l in excreted in to urine fo l lowing oral 

administration of the fol lowing ampici l l in dosage forms t o  twelve 

subjects: 8, brand A; +, brand 8; I, brand C; 0, brand D; I, brand E. 

observed. The average amount excreted i s  176.5 mg (range f rom 144.6 

t o  220.5 mg). Analysis o f  variance (10) of these data indicates that 

there are no significant s ta t is t ica l  differences (p=0.05) between the 

different brands and di f ferent subjects. 
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TABLE 1 

HASSANZADEH 

Average Pharmacokinetic Parameters Per Brand Following Oral 
Administration of 500 mg of Ampicillin in  Different Dosage Forms (4  
Capsules and One Tablet) t o  Twelve Subjects (6 Males, 6 Females). 

Brend Cumuletive (mg) Urinary Peek Time of  He* t 1/2* 
(Cepsules) Excreted efter height Peaking ( h T 1 )  (hr) 

8 h r  (mglhr) (hd 

A C  181.8 62.0 2.00 0.524 1.32 
( 14.9) d (6.7) (0.15) (0.023) 

B Q  181.8 56.3 2.20 0.492 1.41 
(1 6.7) (4.8) (0.16) (0.028) 

C 175.9 53.7 2.10 0.492 1.41 
( 17.3) (6.1) (0.13) (0.028) 

D 189.6 51.0 2.30 0.450 
( 1  2.2) (4.4) (0.22) (0.022) 

E 153.3 48.0 2.20 0.468 
(9.6) (3.0) (0.17) (0.022) 

.54 

.48 

Mean 176.5 54.2 2.16 0.485 1.43 
(6.2) (2.4) (0.05) (0.0 12) 

Statistical 
Analysis N.S. f N.S. s. 8 N.S. N.S. 

a elimination rate mstant 
b harmonic mean of half-life 
c used as standard 

e 

f not significant (p0.05) 
Q significant (p.0.W) 

numbers in parenthesis represent the standard e m r  of the mean 
the only tablet dosage form 
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DOSAGE FORMS OF AMPICILLIN 1801 

TABLE 2 
Average Pharmacokinetic Parameters Per Subjects Following Oral 
Administration of 500 ma of Ampici l l in  i n  Dif ferent  Dosage Forms (4 
Capsules and One Tab1et)"to Twelve Subjects (6 Males, 6 Females). 

~~ ~~ ~ ~ ~ ~~ ~ 

Cumulat ive (mg) Unnery Peek Time of  Kea t1/2 
Subject Excreted after height Peaking (hr-l) (hr )  

8 hr (mg/hr) (hr)  

ME 

JA 

DCI 

AM 

GO 

HO 

N K + ~  

Mo+ 

SH+ 

SA+ 

HE + 

KO+ 

Mean 

Statistical 
Analysis 

151.1 
( 15.9)C 
149.7 

( 1  0.3) 
180.4 
( 17.7) 
205.3 
(21.1) 
195.1 
(22.4) 
220.5 
(38.3) 
167.1 
(21.3) 
171.4 
(23.8) 
207.2 
( 14.9) 
172.4 
( 24.9) 
1 44.6 
( 16.5) 
153.0 
(7.3) 
176.5 
(7.3) 

F4.s.e 

48.7 
( 10.5) 
58.6 

(7.5) 
62.2 
(6.1) 
51.7 
(6.4) 
61.9 
12.9) 
63.4 

( 1 1.9) 
49.4 
(6.2) 
48.8 
(3.5) 
64.7 
18.3) 
46.6 
(4.7) 
42.2 
(1.8) 
52.4 

( 1  0.0) 
54.2 
(2.4) 

N.S. 

1.94 
( 0.22) 
1.96 
(0.22) 
2.42 
(0.31 ) 
1.86 
(0.29) 
1.98 
(0.18) 
2.56 
(0.42) 
1.48 
(0.49) 
1.90 
(0.17) 
2.32 
(0.21) 
2.60 
(0.24) 
2.22 
(0.20) 
2.44 
(0.17) 
2.1 4 
(0.10) 

S . f 

0.41 1 1.69 

0.546 1.27 

0.532 1.30 

0.368 1.88 

0.468 1.48 

0.502 1.38 

0.475 1.46 

0.536 1.29 

0.527 1.31 

0.549 1.26 

0.439 1.58 

0.486 1.43 

0.486 1.43 

(0.023) 

(0.036) 

(0.035) 

(0.030) 

(0.034) 

(0.050) 

(0.022) 

(0.030) 

(0.015) 

(0.093) 

(0.032) 

(0.033) 

(0.01 6 )  

S 5 

a elimination rate constant 
b harmonic mean of half-life 
c 

d female subject 
e not significant (p=0.05) 
f significant (p0.05) 

numbers in parenthesis represent the standard ermr of the mean 
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1802 HASSANZADEH 

Excretion && 
Pharmacokinetic parameters which have been uti l ized as a 

function o f  the ra te  of drug absorption are the peak serum 

concentration and the time necessary t o  reach the peak serum 

concentration (19). In a similar way the peak urinary excretion rate, 

as well as the time t o  reach that peak, have been used as suitable 

parameters t o  describe the r a t e  of a drug absorption ( 1  4). 

The average value of the urinary excretion r a t e  was 54.2 mg/hr 

(range from 48 to 62 mg/hr), (Table 11, for  a l l  tested brands. The 

average value was the same (range from 42.2 t o  64.7) when each 

subject was considered separately (Table 2). The average urinary 

excretion r a t e  curves of the various brands are shown i n  Fig. 2. 

Analysis o f  variance indicated no significant differences (p=0.05) 

bet ween brands and bet ween subjects. 

The average time a t  which the urinary excretion r a t e  reached i t s  

peak for a l l  brands and subjects are 2.16 hr (range from 2.0 t o  2.3 hr), 

and 2.14 hr (range from 1.48 t o  2.60 hr), respectively, (Tables 1 & 2). 

Analysis o f  variance for the time o f  peak renal excretion showed 

statistically significant differences (p=0.05) between the brands and 

between the subjects. 

--- Half Life and Elimination Rate Constant 

A one compartment model wi th  f i r s t  order absorption and 

elimination was used t o  calculate the elimination r a t e  constants and 

the half lives of ampicillin, (Tables 1 & 2). The average elimination 

ra te  constant based on least-squares ananlysis for  a l l  brands and 

individual subjects are 0.485 hr-1 (range from 0.450 t o  0.524 hr-11, 
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DOSAGE FORMS OF AMPICILLIN 1803 

0 2 

Average urinary excre 

4 6 8 

Time (hr) 

FIGURE 2 

10 12 

ion rates following oral a( ninistrat.m o 

the following ampicillin dosage forms t o  twelve subjects:8, brand 

A; +, brand B; 0, brand C; 0, brand O;m, brand E. 

and 0.486 hr’l (range from 0.41 1 t o  0.54g hr-1) respectively. While 

there were no significant differences (p=0.05) between different 

brands of ampicillin (Table 11, there were significant differences 

(p=0.05) between the subjects. The half l i f e  o f  the drug averaged 1.47 

hr (range from 1.35 t o  1.58 hr) between the brands (Table 1) and 1.48 
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1804 HASSANZADEH 

TABLE 3 
Reletive Bioeveilebility o f  Different Tested Ampicillin Dasage Forms 

(Capsules end tablet) Following Oral Administretion of SOOmg of  Ampicillin 
~ ~ ~ _ _ ~  

Brand (Capsule) Statistical 
volunteers A 8 6 b  C D E Analysis 

ME 

JA 

DA 

AM 

GO 

HO 

N K + ~  

MO' 

SH' 

SA' 

HE+ 

K 0' 

Mean S.E 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

S t a t i s t i c a l  
Analysis NS.e 

57.5 

103.5 

66.2 

81.5 

80.7 

105.9 

107.3 

189.2 

133.0 

90.1 

97.0 

135.6 

103.9 
( 10.3) 

N.S. 

63.3 

142.8 

87.6 

137.2 

67.1 

93.4 

138.7 

93.1 

121.4 

74.0 

106.2 

63.0 

99.0 
(8.7) 

N.S. 

67.1 

113.6 

123.5 

85.0 

53.2 

53.8 

122.6 

54.6 

43.4 

66.1 

54.2 

18.2 

112.9 
( 1 1.5) 

N.S. 

85.1 

130.9 

95.4 

88.3 

60.4 

38.0 

58.8 

115.7 

100.6 

123.4 

81.4 

96.5 

89.5 
(7.9) 

N.S. 

S C  

S 

S 

S 

S 

S 

s 

S 

S 

S 

S 

S 

8 used 85 standard 
the only tablet dosage form 

C significant (p=O.m) 
female subject 

8 not significant (p=O.O5> 
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DOSAGE FORMS OF AMPICILLIN 

TABLE 4 

1805 

Average Pharmacokinetic Parameters for a Group of Male and Female 
Subjects (6 Subjects in  Each Group) Following Oral Administration o f  
500mg Ampici l l in in Different Dosage Forms (4 Capsules and One 
Tablet) to  Twelve Subjects. 

Volunteers Average Urinary Time o f  Ke a T1/2b 
Cumulative Peak height Peaking (hr- 1 )  (hr) 

Excreted (mg) Imglhr) (hr) 

Male 183.7 57.7 2.12 0.328 2.1 1 

Female 169.3 50.7 2.16 0.502 1.38 

Average 176.5 54.2 2.14 0.486 1.43 

( 1  1.8)C 12.5) (0.29) (0.09 1) 

(8.8) (3.1) (0.17) (0.0 17) 

(7.3) (2.41 (0.101 (0.0 16) 

8 elimination rate constant 
b harmonic mean of half-life 
c numbers in parenthesis represent the standwd error of the mean 

(range from 1.29 to  1.94 hr) between the individual subjects (Table 

2). 

Re1 at ive Eioavai labi li t y  o f  Unchanqed Ampi c i  11 l i n  

The cumulative amount of  unchanged ampici l l in excreted over a 

period of  8 hours a f te r  drug administration can be considered as a 

basis for  calculating relat ive bioavailabil ity. As i t  has been used 

throughout the study, using brand A as a standard (100% avai labi l i ty  

assumed), the relat ive biaavailabil ity of a l l  tested brands i s  shown i n  

Table 3. No s tat is t ica l ly  significant differences ( ~ ~ 0 . 0 5 )  between the 
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1806 HASSANZADEH 

TABLE 5 

Average Relative Bioavailabili t y  of Different Tested Ampici l l in 
Dosage Forms (Capsules and Tablet) For a Group of Male and Female 
Subjects (Six Subjects i n  Each Group) Following Oral Administration 
of 500mg of Ampicil l in. 

Different Dosage Forms 

Volunteers A B I  C D E 

Male 100 82.6(7.9)b 98.7I14.0) 82.7(12.3) 83.0(12.9) 

Female 100 125.4( 14.8) 99.4( 1 1.7) 143.2t7.8) 96.1(9.6) 

Average 100 103.9( 10.3) 99.0(8.7) 1 12.9( 1 1.5) 89.5(7.9) 

a * the only tablet dosage form 
numbers in parenthesis represent the standard error of the mean 

different brands of ampici l l in were observed. However significant 

intersubject variation was observed (Table 3). 

7- Comparison between the Male and Female Subjects 

It has been established that differences in sex as well as the 

other factors can significantly af fect  the intersubject variation i n  

drug bioavailabil ity (2 1 ). Mean pharmacokinetic parameters of 

different brands of ampici l l in f o r  male and female subjects in th is  

study are shown i n  Tables 4 and 5 respectively. Using a student t- 

test, differences i n  bioavailabil ity and other pharmakokinetic 

parameters, except f o r  urinary excretion rate between the two 

different groups o f  male and female subject were not s tat is t ica l ly  

significant. 
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DOSAGE FORMS OF AMPICILLIN 1807 

DISCUSSION 

Reports indicate that ampici l l in absorption varies between 20- 

70% of the administered dose (15). Therefore, the bioavailabil ity of 

the drug may be incomplete (22). According t o  the data in Table 1 , an 

average o f  35.5% (SE=1.5) o f  ampici l l in was excreted during the 8 

hours a f te r  the administration by the subjects. This value i s  i n  

agreement w i t h  the data reported by Jusko and Lewis (181, i.e. 32  5 

8% and also Khalil e t .  al. (141, i.e. 27.8 5 1.6. Stat ist ical  analysis o f  

the data i n  th is  study indicates no significant differences between 

the di f ferent brands of  ampici l l in except f o r  the t ime to  reach the 

maximum urinary excretion. 

Although the previous reports indicate considerable var iabi l i ty  

i n  ampici l l in absorption between subjects fo l lowing oral 

administration (1, 2). The present study showed no significant 

differences between the subjects i n  cumulative percentage o f  drug 

excreted a f te r  8 hours calculated from Teble 2. In fact, the percentage 

of  ingested drug that was absorbed varied among individuals f rom 

28.9 t o  44.1% (average 35.3%). This amount agrees w i t h  the finding o f  

Swahn (21, average o f  44%, and Khali l et .  al. (1 4) average o f  27.8%. 

Analysis of variance o f  the relat ive bioavailabil ity o f  d i f ferent 

tested brands of ampici l l in indicates a significant difference (pd1.05) 

between the various subjects but not significant differences ( ~ 4 . 0 5 )  

between different brands. 

Finally, i t  can be concluded that: 

1 .  No significant differences between the tested ampici l l in brands 

were observed. 
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2. No significant differences between male and female subjects were 

ovserverd. 

3. There are significant differences between various subjects which 

can be expected. 

The results of this study indicate that the behavior of different 

brands of ampicillin are compatible and bioequivalent. 
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